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(57) ABSTRACT 

A system monitors and dynamically changes memory map 
ping in a runtime of a computing system. The computing 
system has various memory resources, and multiple possible 
mappings that indicate hoW data is to be stored in and subse 
quently accessed from the memory resources. The perfor 
mance of each memory mapping may be different under 
different runtime or load conditions of the computing device. 
A memory controller can monitor runtime performance of the 
current memory mapping and dynamically change memory 
mappings at runtime based on monitored or observed perfor 
mance of the memory mappings. The performance monitor 
ing can be modi?ed for any of a number of different granu 
larities possible Within the system, from the byte level to 
memory channel. 
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ADAPTIVE ADDRESS MAPPING WITH 
DYNAMIC RUNTIME MEMORY MAPPING 

SELECTION 

FIELD 

Embodiments of the invention are generally related to 
memory management, and more particularly to dynamic 
memory mapping. 

COPYRIGHT NOTICE/ PERMISSION 

Portions of the disclosure of this patent document may 
contain material that is subject to copyright protection. The 
copyright oWner has no objection to the reproduction by 
anyone of the patent document or the patent disclosure as it 
appears in the Patent and Trademark O?ice patent ?le or 
records, but otherWise reserves all copyright rights Whatso 
ever. The copyright notice applies to all data as described 
beloW, and in the accompanying draWings hereto, as Well as to 
any softWare described beloW: Copyright© 2009, Intel Cor 
poration, All Rights Reserved. 

BACKGROUND 

As computing systems have continued to develop, there 
has been a steady increase in the amount of memory resources 
available Within a system for storing instructions and tempo 
rary or volatile data in the computing systems. All indications 
suggest that the trend Will continue, and memory architec 
tures Will continue to expose more and more parallel 
resources to the memory controller. The parallel resources 
may include structures such as number of channels, bank 
groups, pages, and columns. The memory controller controls 
hoW access to the structures of the memory architecture is 
made. 

Access to the structures of the memory architecture is 
controlled by memory mappings, Which map physical 
memory addresses to the memory resources. Different 
memory mappings imply different latency, throughput, and 
poWer penalties. Current computing systems may have mul 
tiple possible mapping schemes, Which function to control 
access to the memory resources in different Ways. Current 
mapping schemes use static mapping tables that are selected 
at startup or reboot, and ?xed for runtime of the computing 
system. The use of static mapping tables is in?exible and 
cannot take into account different load conditions that may 
only be apparent at runtime. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing description includes discussion of ?gures 
having illustrations given by Way of example of implementa 
tions of embodiments of the invention. The draWings should 
be understood by Way of example, and not by Way of limita 
tion. As used herein, references to one or more “embodi 
ments” are to be understood as describing a particular feature, 
structure, or characteristic included in at least one implemen 
tation of the invention. Thus, phrases such as “in one embodi 
ment” or “in an alternate embodiment” appearing herein 
describe various embodiments and implementations of the 
invention, and do not necessarily all refer to the same embodi 
ment. HoWever, they are also not necessarily mutually exclu 
sive. 

FIG. 1 is a block diagram of an embodiment of a system 
that dynamically selects at runtime from among different 
memory mappings. 
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2 
FIG. 2 is a block diagram of an embodiment of a system 

illustrating transition from one mapping to another When a 
different memory mapping is dynamically selected in runt 
1me. 

FIG. 3 is a How diagram of an embodiment of dynamically 
changing a memory mapping in a runtime of a system. 

FIG. 4 is a block diagram of an embodiment of a hardWare 
platform With a memory controller that dynamically selects at 
runtime from among different memory mappings. 

Descriptions of certain details and implementations folloW, 
including a description of the ?gures, Which may depict some 
or all of the embodiments described beloW, as Well as discuss 
ing other potential embodiments or implementations of the 
inventive concepts presented herein. An overvieW of embodi 
ments of the invention is provided beloW, folloWed by a more 
detailed description With reference to the draWings. 

DETAILED DESCRIPTION 

As described herein, a system alloWs adaptive memory 
mapping selection. By adapting the mapping of physical 
address space to memory resources, access penalties can be 
more ?exibly controlled, improving performance such as 
latency, throughput, and/or energy e?iciency. Design objec 
tives and use of the computing system at a given time can vary 
greatly depending on the current Workload as set by applica 
tions in use in the computing system. Based on the design 
objectives and use of the system, the address mapping is 
adapted during runtime for the current Working conditions. 

Thus, a memory controller of a computing system monitors 
and dynamically changes memory mapping during runtime. 
The controller may monitor system performance and select 
from among multiple possible mappings to match perfor 
mance to a given policy. The performance monitoring can be 
modi?ed for any of a number of different granularities pos 
sible Within the system, from the byte level to memory chan 
nel. 

FIG. 1 is a block diagram of an embodiment of a system 
that dynamically selects at runtime from among different 
memory mappings. Computing device 102 represents any 
type of computing system that includes operating memory to 
provide instructions and data for execution by a processor. 
Examples of a computing device may include desktop or 
laptop computers, netbooks, servers, handheld devices, or 
other devices that provide memory that can be randomly 
Written and read. 

Computing device 102 includes client 104, Which repre 
sents any type of application, agent, or system softWare com 
ponent that may perform a memory access. Client 104 may 
be, for example, end-user applications executing on a proces 
sor of computing device 102, any component of an operating 
system, drivers, or other softWare. Client 104 makes access 
request 106, Which speci?es an address of a memory item 
(e.g., variable, code) to access. It Will be understood that the 
address of access request 106 may be a virtual address or a 
physical address. Virtual addresses are converted to physical 
addresses. Ultimately, the memory item that is the subject of 
access request 106 is associated With physical address 116. 

Access request 106 is sent to memory controller (MC) 108. 
MC 108 includes hardWare and ?rmWare (code) to control 
memory access to memory 150 of computing device 102. In 
one embodiment, MC 108 includes mapper 110, Which is an 
abstraction to represent the function of MC 108 to map physi 
cal address 116 to separate resources of memory 150. Map 
118 represents the mapping of physical address 116 to 
memory resources 152-154 of memory 150. It Will be under 
stood that a mapping refers to a correspondence or a relation 
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between a physical memory address and an actual location in 
the hardware of memory 150. The correspondence may be 
different depending on a currently selected mapping. 

The mapping between physical address 116 and map 118, 
which represents the relation in memory 150, is determined 
by map tables 112-114. Map tables 112-114 represent any 
mechanism used to provide a memory mapping by which 
access request 106 can be serviced by access to memory 150. 
The map “tables” will be understood as possible examples of 
how addresses may be mapped. A table is generally used by 
reading an entry with a key that has at least one corresponding 
data element. In the case of map tables 112-114, the key is 
physical address 116, and the corresponding ?eld or value or 
data element is map 118 (or a value to access a location in 
memory 150). Map 118 may include an actual physical 
address and an offset, for example. 
Memory 150 stores operating data and instructions for 

computing device 102. The operating data and instructions 
include any code to execute (e.g., for the operating system 
(OS) and/or applications), data or elements of ?xed value to 
be accessed or referenced for execution of the code, variables 
or elements of temporary value used in the execution of code, 
or any other item used in the runtime execution of computing 
device 102. As used herein, runtime execution of computing 
device 102, or simply “runtime,” refers to an instance or a 
session of execution on the computing device. The runtime 
refers to the environment of the operating system and the 
system state between boot up and reset, reboot, or shut down. 
Thus, runtime is an execution state or execution session that 
continues between boots of computing device 102. 
Memory resources 152-154 may be any separation, physi 

cal and/or logical, of memory 150. It will be understood that 
the actual structure represented by each memory resource 
152-154 is dependent upon implementation. In one embodi 
ment, the structure may be dynamically changed with a 
change in memory access policy. Memory resources 152-154 
may each be or include a memory channel, a memory bank, a 
memory bank groups, memory pages, memory columns, or 
logical sections of memory. All resources responsible for 
storing and accessing the data in memory are included. 
A memory channel may refer to different physical memory 

devices, such as integrated circuits (ICs) or chips on a 
memory card, or separate memory cards. A memory bank 
refers to a grouping of memory locations, which may or may 
not be restricted to speci?c devices. A memory back groups 
refers to a group of memory banks, or a grouping of memory 
location groups. A memory page refers to a speci?ed or 
de?ned amount of memory that may be accessed at a time, 
and may vary with each computing system implementation. 
Memory columns may refer to a vertical grouping of memory 
locations in a stacked memory con?guration. While certain of 
the terms may be understood speci?cally with reference to a 
particular memory technology (e.g., DRAM (dynamic ran 
dom access memory)), it will be understood that the prin 
ciples described herein are generally applicable to any 
memory technology. Thus, different types of RAM (random 
access memory) or other memory that allows random read 
and write capability may be used. 
MC 108 includes performance statistics 120. As used 

herein, “performance” refers to any measure of the operation 
of access to memory 150. Thus, performance may include 
speed as measured by latency and/or throughput, as well as 
usage of memory resources and power e?iciency. Perfor 
mance statistics 120 include any statistics or measured or 
monitored values that indicate an aspect of the operation of 
memory access. Memory access will be understoodto include 
reading from and/or writing to the memory. 
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4 
Performance statistics 120 are gathered during runtime of 

computing device 102, and provide data indicating how 
access to memory 150 functions. Performance statistics 120 
may be gathered by a statistics module that can perform 
monitoring tasks of different complexity. In one embodiment, 
monitoring includes simply counting events, such as the num 
ber of accesses to a particular memory resource. In one 

embodiment, monitoring includes more complex statistics, 
such as the number of consecutive reads to a particular 
memory resource and/ or address ranges used. 
Mapping policy module 130 processes or evaluates perfor 

mance statistics 120 to determine whether a currently 

selected map table (in FIG. 1, map table 112 is selected, while 
other map tables such as 114 are not selected) provides a 
performance desired by a selected policy. In one embodiment, 
policy module 130 compares the performance of the selected 
map table against a threshold of performance (e.g., compares 
a number of accesses to a particular memory resource against 

a threshold (either high or low) of access to the memory 
resource). Thus, policy module 130 monitors and evaluates 
the performance of the system with reference to memory 
access with respect to the selected policy in terms of speed, 
resource usage, and/or power ef?ciency. 
As for an access policy, it will be understood that general 

access schemes may include localiZing data to one or more 
memory resources. LocaliZing data can improve power con 
servation and also improve latency. Another general access 
scheme may include interleaving data among memory 
resources. Interleaving generally includes access to more 
memory resources than localiZing. Known access techniques 
may also include a so-called “open page mode” that attempts 
to maximize access to recently accesses memory resources, 
and “closed page mode,” which assumes a low locality. Other 
techniques may also be employed. Different map tables 112 
114 may implement different policies or access techniques. 
Thus, changing or switching among different map tables may 
include changing or switching between localiZing data and 
interleaving data, which can be for any purpose related to 
improving access latency, improving throughput, improving 
power conservation, or any combination of these. 
MC 108 include remapping module 140, which functions 

to remap data among the various memory resources of 
memory 150 when the map table of mapper 110 is changed. 
Speci?c physical addresses correspond not only to speci?c 
locations of memory 150, but to the data that is written or 
stored at the location as well. Thus, when a different data map 
is used, the data may not correspond to the physical address of 
request 106. Remapping module 140 moves data (e.g., reads 
and rewrites) to different locations and memory resources of 
memory 150 to correspond to the memory access policy of the 
new memory map. In one embodiment, remapping module 
140 works as a background process that executes during idle 
cycles or times when data access is not being performed in 
response to client requests. In one embodiment, remapping 
module 140 performs remapping on an as-needed basis, writ 
ing new data to the proper memory resource location (and 
moving data already stored there), and moving data that is 
requested for a read. The background process and as-needed 
data remapping may also be combined. 

While certain details have been described with speci?c 
reference to FIG. 1, it will be understood that the details may 
provide non-limiting examples. In general, a system that 
enables dynamic selection of a memory mapping is provided 
through a memory controller that monitors memory access 
performance and selects a memory mapping based on or in 
response to determined performance. 
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Adaptive address mapping as described herein allows for 
optimization of performance of memory access sequences in 
accordance With an optimization function. It Will be under 
stood that optimization of performance refers to attempting to 
gain improved performance, and is relative to a previous 
performance. Optimization should not be understood as 
achieving an absolute optimum performance, or be consid 
ered limiting. Certain optimizations may provide improved 
performance at ?rst, Which may degrade over time as runtime 
conditions change. 

In one embodiment, a memory controller With adaptive 
dynamic memory mapping as described herein includes mul 
tiple con?gurable map tables that each de?ne a valid mapping 
of physical addresses to memory resources. In one embodi 
ment, each map table is associated With a “hit” table that 
tracks performance statistics related to the use of memory 
resources based on the associated address mapping of the 
current map table. The memory controller can then monitor 
the hit tables on the ?y during runtime and determine When 
and hoW the address mapping should be changed. The deter 
mination of When and hoW to change the address mapping can 
be based on a con?gurable determination function or algo 
rithm. Thus, if a decision to change a memory mapping is 
based on a threshold performance, the threshold can be con 
?gurable in the system to provide ?exibility in the con?gu 
ration and behavior of the memory mapping. 
As mentioned above, if the currently active address map 

ping changes, data should be moved from oldpositions to neW 
positions in the memory (e.g., DRAM(s)) for the affected 
address ranges. It Will be understood that a change to the 
memory mapping may affect only certain address ranges or 
physical addresses. The moving of data to neW positions can 
be performed gradually, and is performed by a remapping 
client component or remapping agent component. 

In contrast to current systems that use static mapping tables 
that can only be recon?gured during re-boot, the adaptive 
mapping described herein can account for effects that are only 
visible during system runtime. For example, interfering 
memory accesses from other applications and I/O (input/ 
output) services may only be visible during runtime, but 
could have a signi?cant impact on memory access perfor 
mance. The mapping policy module monitors, analyzes, and 
learns favorable address mapping schemes during runtime 
based on performance statistics. The monitoring and analysis 
alloWs automatic adaptation to changes in application behav 
ior, usage scenarios, and design objectives (e.g., perfor 
mance, energy e?iciency, and poWer management). The 
adaptation can be performed With minimum impact for the 
end-user of the computing system, because the system con 
tinues to Work during a change of address mapping. 

In one embodiment, the mapping policy module generates 
a log or a report of the performance statistics that can be 
revieWed by a human user to make con?guration decisions. 
Thus, for example, alternative map tables may be generated to 
more particularly address an effect that presents itself during 
system runtime, Which could be more effectively dealt With 
by a change to available map tables. 

It Will be understood that the operation of the adaptive 
memory mapping is distinct from current mapping con?gu 
rations, Which do not consider the memory access perfor 
mance in making decisions. Additionally, the adaptive 
memory mapping is distinguishable from technologies such 
as Workload balancing and Wear-out leveling. Workload bal 
ancing seeks to equalize Work to various computation 
resources. Workload balancing functions by monitoring 
backlog and assigning tasks to different resources based on 
the monitoring. As described herein, adaptive memory map 
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6 
ping uses knoWledge about the memory architecture, as seen 
by the monitoring of memory access performance. 

Wear-out leveling similarly seeks to equalize Workload 
among resources, typically storage. Wear-out level is com 
mon in SSD (solid-state disk) or ?ash disk usage, and explic 
itly moves data Within the disk to balance the use of disk 
regions. Wear-out leveling is optimized only for the typical 
lifetime of a SSD disk, Whereas adaptive memory mapping 
reacts on ?ne-grained monitoring events, and changes in its 
optimization goals during each individual run (e.g., each runt 
ime session) of the system. Additionally, the concurrent use of 
resources is bene?ted by adaptive memory mapping (e.g., 
concurrent use of channels and bank groups), in contrast to 
Wear-out leveling Which can stretch and serialize activity on 
the disk. 

FIG. 2 is a block diagram of an embodiment of a system 
illustrating transition from one mapping to another When a 
different memory mapping is dynamically selected in runt 
ime. System 200 is a computing system that employs adaptive 
memory mapping. System 200 includes client 210, Which is 
an application or other softWare client that generates requests 
to access memory 270. The requests are represented by 
request 220, Which is to be understood as a request channel 
over Which multiple requests or a sequence of requests are 
made. Each request 220 has a physical address map in the 
memory controller. Each request could be a read request 222 
or a Write request 224. 

System 200 is one example of a perspective of computing 
device 102 of FIG. 1, but illustrating different functional 
aspects. Additionally, the perspective of system 200 is snap 
shot of the system in operation, from a functional perspective. 
More particularly, system 200 illustrates the perspective of a 
transition from one mapping (designated as a “previous” 
mapping) to another (designated as a “current” mapping). 

System 200 includes previous map table 232 and current 
map table 234. Previous map table 232 and current map table 
234 may be the only map tables available in system 200, or 
they may be tWo of a set of map tables available in system 200. 
In system 200, it Will be understood that previous map table 
232 Was being used to map physical addresses to memory 
270. Mapping policy module 250 determined that a change 
should be made, and activated current map table 234 as the 
active map table in system. Mapping policy module 250 
determines When to change map tables based on a perfor 
mance of the memory access under the current map table. In 
one embodiment, mapping policy module 250 includes one or 
more performance thresholds (e.g., a maximum average 
latency, a minimum sustained throughput, or some other per 
formance metric). When performance falls outside the per 
formance thresholds, mapping policy module 250 may cause 
system 200 to sWitch map tables. In one embodiment, the 
system is con?gured to Wait a period of time betWeen map 
tables sWitches. The period of Wait time could be a threshold 
that must be reached to cause a sWitch of map tables. As Will 
be understood by those skilled in the art, sWitching too fre 
quently Would cause a negative impact on performance. The 
frequency of sWitching is implementation speci?c, but in 
general should be spaced far enough apart to achieve perfor 
mance gain from the current mapping table. 

Previous hit table 242 and current hit table 244 represent 
performance statistics mechanisms in system 200. The hit 
tables may be part of a statistics module, and are shoWn next 
to the map tables to indicate the association of a hit table With 
a map table. Generally, a performance monitoring mecha 
nism is associated With a map table. Mapping policy module 
250 monitors the hit tables to determine When to sWitch map 
tables. In one embodiment, hit tables 242 and 244 monitor the 
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use of memory resources by their associated map tables, and 
enable mapping policy module 250 to make a determination 
Whether to sWitch memory mappings (e. g., map tables) based 
on the con?guration of its determination function or algo 
rithm. Hit tables 242 and 244 indicate a runtime performance 
of the memory access, Which may be referred to as access 
patterns of the system. The access patterns are the patterns of 
memory access that develop When accessing the memory in 
accordance With a particular policy or mapping. 
As Will be understood from the draWing, read requests 222 

that occur after the sWitch from previous map table 232 to 
current map table 234 may still be serviced With previous map 
table 232. Although previous map table 232 Would no longer 
be the currently active map table after current map table 234 
Was selected, reads on data stored in memory 270 under 
previous map table 232 may still need to be read under the 
previous mapping. For reads on physical addresses Within an 
address space not affected by the change to current map table 
234, or Within an address space that has already been 
remapped, read request 222 is serviced by reference to current 
map table 234. 

Write request 234 is serviced With reference to current map 
table 234 for data not already stored in memory 270, as Well 
as for data that has already been remapped. For data that is 
being overWritten, and Which has not been remapped, Write 
request 224 is directed to remapping module 260 for Writing 
to memory 270. Remapping module 260 remaps the data 
stored in memory resources 272-274 in response to the 
change from previous map table 232 to current map table 234. 
In one embodiment, remapping module 260 autonomously 
moves data Within the memory 270 similar to a dedicated 

DMA (direct memory access) engine. 
Remapping module 260 should be coupled With previous 

map table 232 to properly access data in accordance With the 
previous mapping. Remapping module 260 should also be 
coupled to current map table 234 to properly access data in 
accordance With the current mapping. The vertical lines in 
system 200 illustrate the separation of the memory access. 
Previous map table 232 accesses memory resources 272-274 
in accordance With the previous mapping. Current map table 
234 accesses memory resources 272-274 in accordance With 
the current mapping. Remapping module 260 may access 
memory resources 272-274 in accordance With both map 
pings until all data is mapped to the current mapping. 

FIG. 3 is a How diagram of an embodiment of dynamically 
changing a memory mapping in a runtime of a system. How 
diagrams as illustrated herein provide examples of sequences 
of various process actions, Which may be performed by pro 
cessing logic that may include hardWare, softWare, or a com 
bination. Although shoWn in a particular sequence or order, 
unless otherWise speci?ed, the order of the actions can be 
modi?ed. Thus, the illustrated implementations should be 
understood only as an example, and the process can be per 
formed in a different order, and some actions may be per 
formed in parallel. Additionally, one or more operations can 
be omitted in various embodiments of the invention; thus, not 
all actions are required in every implementation. Other pro 
cess ?oWs are possible. 
As part of system con?guration, an administrator de?nes 

performance policies, 302. The performance policies may 
include parameters or metrics related to latency, throughput, 
poWer usage, memory usage, or other performance indicator. 
In one embodiment, de?ning the performance policies 
includes de?ning thresholds or other mechanisms for transi 
tion from one memory mapping to another. The con?guration 
of the system may also include generating mapping tables to 
map physical memory address of access requests to memory 
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8 
resources for the different policies, 304. Thus, there may be 
multiple mapping tables Within the system, and each is related 
to a performance policy or performance goal. 
The system or an administrator assigns an initial mapping 

table for the initial runtime of the computing system, 306. In 
one embodiment, the initial mapping table is speci?ed Within 
the system. The initial mapping table may be a table that is 
started by default. A memory controller Within the system 
obtains or monitors performance statistics for the current 
mapping table to compare With a desired policy or an 
expected performance, 308. The memory controller, for 
example through a statistics module, determines if the per 
formance of the mapping table is Within a policy threshold, 
310. The determination is made based on access patterns 
Within the computing system, the threshold(s), and the moni 
tored performance. 

If the performance is Within the threshold, 312, then no 
change to the mapping table is made, and the system contin 
ues to monitor performance of the access patterns under the 
current mapping table, 308. If the performance is outside the 
threshold, 312, the memory controller dynamically assigns a 
neW mapping table during runtime of the system, 314. A 
remap module of the memory controller remaps the memory 
resources in accordance With the neW mapping table, 316. 
The system then monitors performance of the neW mapping 
table to determine When or if a neW mapping table should be 
selected. If there are more than tWo mapping tables in the 
system, the system may select the mapping table that most 
closely matches a performance policy in place, or that is 
determined to make the memory access most closely match 
the desired policy. 

FIG. 4 is a block diagram of an embodiment of a hardware 
platform With a memory controller that dynamically selects at 
runtime from among different memory mappings. System 
400 is a computing system according to any embodiment 
herein that performs adaptive memory mapping. System 400 
includes processor 410, Which executes operating system 
(OS) 412 and one or more applications 414. The execution 
environment of OS 412 and applications 414 constitutes runt 
ime session 416. Thus, a runtime is a “session” created by 
loading the OS and its associated applications. Each time the 
system is reset or rebooted, a neW session is created. Signi? 
cantly, adaptive memory mapping does not require changing 
a runtime session to change What memory mapping is appli 
cable Within the system to access (read and/or Write) to 
memory 470. 

System 400 includes platform 420, Which provides the 
hardWare platform through Which peripheral devices connect 
to processor 410. Peripheral devices are any devices that 
connect With processor 41 0 over a bus or bus system (e. g., PCI 
(peripheral component interconnect), USB (universal serial 
bus), or others). Memory 470 stores operational code and/or 
data for execution by processor 410. Operational instructions 
and data refer to data that is loaded With runtime variables and 
con?guration, and can be directly executed by processor 410, 
as opposed to a stored copy that must be modi?ed With runt 
ime con?guration prior to execution. Typically memory 470 
is volatile, Which means that the values stored Within memory 
470 lose validity in the event poWer is interrupted to the 
hardWare of system 400. In one embodiment, memory 470 is 
nonvolatile, such as a ?ash memory or phase change memory 
that stores operational instructions and data for execution. 
Memory 470 includes memory resources 472-474, Which are 
the internal architecture of structure of memory 470. 
Memory resources 472-474 may be parallel resources or 

resources of the same type. It Will be understood that memory 
470 may include any of a number of structures (banks, chan 
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nels, groups of banks, or other structures), each of Which may 
be considered a different level of the architecture. Manage 
ment of the resources occurs on a particular level, so that 
management occurs on parallel resources. Resources still 
exist from an architectural standpoint on other levels, but 
management occurs on parallel resources. In one embodi 
ment, an access policy can apply to multiple types of memory 
resources. For example, a memory map can distribute access 
among memory channels, such as interleaving channel 
accesses, While also localiZing accesses to particular devices 
Within a channel. 

I/O 430 provides interfaces by Which other systems may 
interact With system 400, and interfaces through Which 
human users interact With system 400. Storage 440 provides 
nonvolatile storage for system 400, the contents of Which do 
not lose their validity even When poWer is interrupted. Items 
from storage 440 are not generally executed directly by pro 
cessor 410, but are loaded into memory 470 for execution. 
NIC 450 represents a netWork interface circuit or netWork 
interface card through Which system 400 interfaces With com 
puting devices over a netWork. 
MC 460 is a memory controller, Which controls and moni 

tors the memory access of memory 470. MC 460 may include 
one or more components as described above to enable 

dynamic memory mapping selection. In one embodiment, 
some or all components of MC 460 are located on platform 
420. In one embodiment, some or all components of MC 460 
are located on the same silicon or on the same circuitry that 

makes up memory 470. 
To the extent various operations or functions are described 

herein, they may be described or de?ned as softWare code, 
instructions, con?guration, and/or data. The content may be 
directly executable (“object” or “executable” form), source 
code, or difference code (“delta” or “patch” code). The soft 
Ware content of the embodiments described herein may be 
provided via an article of manufacture With the content stored 
thereon, or via a method of operating a communication inter 
face to send data via the communication interface. A machine 
readable storage medium may cause a machine to perform the 
functions or operations described, and includes any mecha 
nism that stores information in a form accessible by a 
machine (e.g., computing device, electronic system, etc.), 
such as recordable/non-recordable media (e.g., read only 
memory (ROM), random access memory (RAM), magnetic 
disk storage media, optical storage media, ?ash memory 
devices, etc.). A communication interface includes any 
mechanism that interfaces to any of a hardWired, Wireless, 
optical, etc., medium to communicate to another device, such 
as a memory bus interface, a processor bus interface, an 
Internet connection, a disk controller, etc. The communica 
tion interface can be con?gured by providing con?guration 
parameters and/or sending signals to prepare the communi 
cation interface to provide a data signal describing the soft 
Ware content. The communication interface can be accessed 
via one or more commands or signals sent to the communi 
cation interface. 

Various components described herein may be a means for 
performing the operations or functions described. Each com 
ponent described herein includes softWare, hardWare, or a 
combination of these. The components can be implemented 
as softWare modules, hardWare modules, special-purpose 
hardWare (e.g., application speci?c hardWare, application 
speci?c integrated circuits (ASICs), digital signal processors 
(DSPs), etc.), embedded controllers, hardWired circuitry, etc. 

Besides What is described herein, various modi?cations 
may be made to the disclosed embodiments and implemen 
tations of the invention Without departing from their scope. 
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10 
Therefore, the illustrations and examples herein should be 
construed in an illustrative, and not a restrictive sense. The 
scope of the invention should be measured solely by reference 
to the claims that folloW. 
What is claimed is: 
1. A method comprising: 
monitoring, With a memory controller, a runtime perfor 
mance of a memory mapping, 
Wherein data is stored in memory resources in accor 

dance With the memory mapping, the memory map 
ping to map physical memory addresses to the 
memory resources, and 

Wherein the runtime performance indicates performance 
of the memory mapping With respect to an access 
pattern of a runtime session of a computing device 
that includes the memory resources; 

determining Whether the monitored runtime performance 
is Within a threshold; and 

dynamically changing the memory mapping in the runtime 
session in response to determining that the runtime per 
formance is not Within the threshold. 

2. The method of claim 1, Wherein monitoring the runtime 
performance of the memory mapping comprises: 

monitoring the runtime performance of a selected one or 
multiple map tables, Where each map table de?nes a 
different mapping of physical memory to the memory 
resources. 

3. The method of claim 1, Wherein the memory resources 
comprise one or more of memory channels, memory banks, 
memory bank groups, memory pages, memory columns, or 
logical sections of memory. 

4. The method of claim 1, Wherein changing the memory 
mapping comprises: 

changing policy betWeen interleaving and localiZing data 
among the memory resources to improve latency, 
throughput, poWer conservation, or a combination of 
these. 

5. The method of claim 1, Wherein changing the memory 
mapping further comprises: 

remapping the data stored in the memory resources in 
accordance With the changed memory mapping. 

6. The method of claim 5, Wherein remapping the data 
comprises: 

remapping the data as a background process that executes 
during cycles of inactivity in the memory resources. 

7. The method of claim 5, Wherein remapping the data 
comprises: 

remapping the data in response to an access request for data 
to a remapped address. 

8. A computing device comprising: 
a memory having multiple memory resources of the same 

type; and 
a memory controller to manage access to data stored on the 

memory resources, the memory controller to 
monitor a runtime performance of a memory mapping 

that maps physical memory addresses to the memory 
resources, Wherein data is stored in the memory 
resources in accordance With the memory mapping, 
and Wherein the runtime performance indicates per 
formance of the memory mapping With respect to an 
access pattern of a runtime session of the computing 
device, 

determine Whether the monitored runtime performance 
is Within a threshold, and 

dynamically change the memory mapping in the runtime 
session in response to determining that the runtime 
performance is not Within the threshold. 
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9. The computing device of claim 8, Wherein the memory 
controller to monitor the runtime performance of the memory 
mapping comprises: 

monitor the runtime performance of a selected one or mul 
tiple map tables, Where each map table de?nes a differ 
ent mapping of physical memory to the memory 
resources. 

10. The computing device of claim 8, Wherein the memory 
resources comprise one of memory channels, memory banks, 
memory bank groups, memory pages, memory columns, or 
logical sections of memory. 

11. The computing device of claim 8, Wherein the memory 
controller to change the memory mapping comprises: 

change policy betWeen interleaving and localiZing data 
among the memory resources to improve latency, 
throughput, poWer conservation, or a combination of 
these. 

12. The computing device of claim 8, Wherein the memory 
controller to change the memory mapping further comprises: 

the memory controller to remap the data stored in the 
memory resources in accordance With the changed 
memory mapping. 

13. The computing device of claim 12, Wherein the 
memory controller to remap the data comprises: 

remap the data as a background process that executes dur 
ing cycles of inactivity in the memory resources. 

14. The computing device of claim 12, Wherein the 
memory controller to remap the data comprises: 

remap the data in response to an access request for data to 
a remapped address. 

15. An article of manufacture comprising a machine read 
able storage medium having content stored thereon, Which 
When accessed, provides instructions to cause a machine With 
a memory controller to perform operations including: 

monitoring a runtime performance of a memory mapping, 
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Wherein data is stored in memory resources in accor 

dance With the memory mapping, the memory map 
ping to map physical memory addresses to the 
memory resources, and 

Wherein the runtime performance indicates performance 
of the memory mapping With respect to an access 
pattern of a runtime session of a computing device 
that includes the memory resources; 

determining Whether the monitored runtime performance 
is Within a threshold; and 

dynamically changing the memory mapping in the runtime 
session in response to determining that the runtime per 
formance is not Within the threshold. 

16. The article of manufacture of claim 15, Wherein the 
content to provide instructions for monitoring the runtime 
performance of the memory mapping comprises content to 
provide instructions for 

monitoring the runtime performance of a selected one or 
multiple map tables, Where each map table de?nes a 
different mapping of physical memory to the memory 
resources. 

17. The article of manufacture of claim 15, Wherein the 
memory resources comprise one of memory channels, 
memory banks, memory bank groups, memory pages, 
memory columns, or logical sections of memory. 

18. The article of manufacture of claim 15, Wherein the 
content to provide instructions for changing the memory 
mapping comprises content to provide instructions for 

changing policy betWeen interleaving and localiZing data 
among the memory resources to improve latency, 
throughput, poWer conservation, or a combination of 
these. 

19. The article of manufacture of claim 15, Wherein the 
content to provide instructions for changing the memory 
mapping further comprises content to provide instructions for 

remapping the data stored in the memory resources in 
accordance With the changed memory mapping. 

* * * * * 


